Methylene blue prevents neurodegeneration caused by rotenone in the retina.
An experimental optic neuropathy model was used to test the hypothesis that methylene blue may protect the retinal ganglion cell layer from neurodegeneration caused by rotenone. Rotenone is a widely used pesticide that inhibits complex I, the first enzyme of the mitochondrial respiratory chain. Complex I dysfunction is linked to the degeneration of retinal ganglion cells in Leber's optic neuropathy. Methylene blue is a reduction-oxidation agent that can act as a powerful antioxidant and also as an enhancer of the electron transport chain, preventing formation of mitochondrial oxygen free radicals and promoting oxygen consumption. The neurodegeneration of the retina was studied in mice with intravitreal microinjection of rotenone alone, or in combination with increasing doses of methylene blue, in one eye, and the vehicle in the contralateral control eye. The effect of rotenone and rotenone plus methylene blue was investigated using two histological stains, complex I and Nissl, and two measurements, morphometric layer thickness and non-biased stereological cell counts. Rotenone induced neurodegeneration in the retinal ganglion cell layer 24 h after injection, as indicated by significant reductions in both the thickness and cell numbers of the retinal ganglion cell layer of eyes microinjected with rotenone as compared to the control eyes. This neurodegeneration was prevented in a dose dependent manner by the injection of methylene blue along with rotenone. It was concluded that rotenone-induced degeneration in the ganglion cell layer can be prevented by intravitreal injection of methylene blue. In vitro experiments showed that methylene blue is both a powerful antioxidant as well as an enhancer of cellular oxygen consumption and is able to reverse the oxidative stress and decrease in oxygen consumption induced by rotenone in brain homogenates. The findings suggest that methylene blue may be a promising neuroprotective agent in optic neuropathy and perhaps other neurodegenerative diseases caused by mitochondrial dysfunction.